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Abstract: The investigation of aquatic and dry land weeds as fibers resources for paper making was carried out. 
The selected fiber resources of aquatic weeds were water hyacinth (Eicchornia crassipes) and water chestnuts 
(Eleocharis dulcis), and bladygrass (Imperata cylindrica) as the selected dry land weed. Research was designed as a 
factorial completely randomized design with two factors. The first factor was fibers origin (Eicchornia crassipes, 
Imperata cylindrica and Eleocharis dulcis) and the second factor was the fibers pulp slurry concentrations (30%, 
50%, and 70% v/v). Results showed that the fibers origin and fibers pulp slurry concentration had significant effect 
(p<0.05) on the tensile strength, mass density, water absorption, and frictional resistance of paper. The interaction 
between the fibers origin and fibers pulp slurry concentration had significant effect on tensile strength, frictional 
resistance, water absorption; but had no significant effect on mass density of paper. The paper that was made of 
70% (v/v) of water hyacinth fiber pulp slurry showed the best characteristics with the tensile strength of 3.65 kgf 
mm-1, mass density of 0.87 g cm-3, water absorption of 0.235 g cm-2, and frictional resistance of 0.028 g cm-2. 
Keywords: water hyacinth, water chestnuts, bladygrass, paper 
Abstrak (Indonesian):Penelitian tentang sumber serat dari gulma air dan lahan kering untuk pengolahan kertas 
telah dilakukan. Gulma air yang potensial sebagai sumber serat adalah eceng gondok (Eicchornia crassipes) dan 
purun tikus (Eleocharis dulcis); alang-alang (Imperata cylindrica) sebagai sumber serat dari gulma lahan kering. 
Penelitian ini menggunakan rancangan acak lengkap yang disusun secara factorial dengan dua faktor. Faktor 
pertama adalah jenis gulma (Eicchornia crassipes, Imperata cylindrica, Eleocharis dulcis) dan faktor ke dua adalah 
konsentrasi penambahan bubur serat (30%, 50%, and 70% v/v). Hasil penelitian menunjukkan bahwa jenis gulma 
dan konsentrasi penambahan bubur serat berpengaruh nyata (p<0,05) terhadap kekuatan tarik, massa jenis, absorpsi 
air dan ketahanan gesek. Interaksi antara jenis gulma dan konsentrasi penambahan bubur serat berpengaruh nyata 
terhadap kekuatan tarik, ketahanan gesek, abosrpsi air; tetapi berpengaruh tidak nyata terhadap massa jenis kertas. 
Kertas yang dibuat dari serat eceng gondok dengan konsentrasi bubur serat sebanyak 70% (v/v) menghasilkan 
kertas dengan sifat mekanik dan fisik terbaik dengan kekuatan tarik 3,65 kgf mm-1, massa jenis 0,87 g cm-3, absorpsi 
air 0,235 g cm-2, dan ketahanan gesek 0,028 g cm-2. 
Kata kunci: eceng gondok, purun tikus, alang-alang, kertas 
1. Introduction 
 The raw material in paper is mostly natural fiber 
containing cellulose and hemicellulose, while other 
materials as additional material is in small amounts. 
Most paper making is from wood fibers. Due to 
environmental preservation, the use of wood fiber is 
restricted. Some paper industries use paper recycling in 
paper making; however the paper recycling could affect 
the mechanical and physical properties of paper [1]. 
There are some plants in tropical countries that could be 
resources of non-woods fiber for paper making such as 
water hyacinth (Eicchornia crassipes), water chestnut 
(Eleocharis dulcis), and bladygrass (Imperata 
cylindrica). Those plants are commonly known as 
weeds against cultivated plants. Weeds take nutrients 
and water from the soil and sunlight for photosynthesis, 
causing losses of production in terms of quality and 
quantity. E. crassipes and E. dulcis are aquatic weeds 
that disrupt water transportation in the river and lake [2-
3]. I. cylindrica is not an aquatic plant; it can adapt and 
grow quickly in dry land. It is noxious due to its wide 
distribution to a wide range of climates and soils, as 
well as its high competitive ability with other crops. 
The dry leaves of I. cylindrica should be eliminated in 
order to prevent the start of wildfires. The use of fibers 
derives from those weeds for paper making might be an 
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alternative to solve the problem. In addition, those 
weeds have quick regenerative properties; therefore 
they are potential as unlimited fibers resources for paper 
making. 
 Some research has been done on non-woods 
fibers for paper making; however most of the research 
was in the area of addition of some materials or coating 
in the process of paper making [4-8] such as 
polypropylene, resin, casein or starch; not as a single 
major raw material. The processing of paper making 
starts with pulping during which lignin is separated 
from cellulosic fibers. Lignin content in non-woods 
fiber is lower than that of hardwoods; therefore the 
pulping process in paper making of non-woods fibers is 
simpler than woods fibers. Different cellulosic fiber 
results in different mechanical and physical properties 
of paper. This study was associated with the mechanical 
and physical properties of paper made of fibers of E. 
crassipes, E. dulcis, and I. cylindrica. The paper 
produced would be environmental friendly paper which 
is safe to be used as a primary packaging for cooked-
foods. 
 
2. Experimental Sections 
2.1. Raw materials 
Materials for cellulosic fibers of water hyacinth 
(designated as WH), water chestnut (WC) and 
bladygrass (BG) were collected near the area of 
Universitas Sriwijaya, Ogan Ilir District, Inderalaya, 
south Sumatera, Indonesia. 
 
2.2. Preparation of alkaline solution 
The alkaline solution for separating lignin from 
fibers consisted of NaOH (75 g) and Na2CO3 (25 g) in a 
Liter of aquadest. 
 
2.3. Preparation of fiber pulp slurry 
The stalk of WH and WC as well as the leaves of 
BG were chopped into small fragments to a length of 1 
cm. Each of the weed as much as 2 kg and 4 L of 
alkaline solution were put in a stainless steel pot and 
brought to boil for an hour to separate lignin from 
fibers. The pulp slurry was cooled and mixed in a 
blender. This pulp slurry was used in paper making. 
 
2.4. Paper making process 
Water was added to the pulp slurry to make a thin 
mixture according to the treatment (pulp slurry 30%, 
50% and 70% v/v). The pulp slurry was stirred and 
water was drained from the slurry through a plate 
screen in a tube (12 cm in diameter). The wet paper web 
is consolidated and transferred to a blotting paper, and 
press with automatic sheet press (pressure of 3.5 kg cm-
2 for 5 minutes). The blotting paper was then replaced 
with new blotting paper and the wet sheet of paper was 
re-pressed.  The semi dry handmade paper was 
transferred to a stainless-steel plate and left to dry at 
room temperature of 25oC and relative humidity of 50% 
for overnight. The dried handmade paper was then 
removed from the plate and hung in a line for further 
dried by fan dryer for 4 hours. The handmade paper was 
analyzed for its mechanical (tensile strength and 
frictional resistance) and physical properties (water 
absorption, mass density). 
 The tensile strength of paper was analyzed by a 
paper tensile strength tester at a crosshead speed of 50 
mm/minute (Thwing-Albert's QC-1000 Materials 
Testers). The water absorption test was carried out by a 
COBB tester. It is intended to determine the level of 
liquid penetration into the paper. The paper sample size 
was 10 cm in diameter then slipped on the COBB tester 
between plate and tube. Water as amount of 100 mL 
was poured into the sample and allowed to stand for 10 
minutes.  Water is then removed from the plate and the 
wet sample was transferred onto blotting paper and 
pressed with automatic press machine. The semi-dry 
sample was re-weighed. The percentage of water 
absorption (WA) was calculated by the formula as 
follows: 
 
%100
W
WWWA
1
12 ´
-
=  
 
Where W1 is initial weight of sample (g), and W2 is 
weight of sample after exposure to water. The density 
of paper was calculated as weight (g) per m3. Frictional 
resistance was measured by Mullen Type Bursting 
Strength Tester. A sample of paper (100 cm2) was 
clamped and fastened without tension and the tester was 
turned on. Frictions were set on the specimen until a 
hole was formed. The value appeared on the screen of 
display was recorded as frictional resistance. 
 
3. Results and Discussion 
3.1. Tensile strength 
The analysis of variance showed that kinds of 
weeds, concentration of pulp slurry and interaction 
between kinds of weeds and concentration of pulp 
slurry had significant effect on tensile strength 
(p<0.05). Paper with higher value of tensile strength 
indicated paper is not easily broken when subjected to 
strain. Paper made of cellulosic fiber of WH produced 
the highest tensile strength compared to paper made of 
WC and BG. Fiber of WH has thin-wall; therefore it is 
not rigid and it is easily flattened. Thin-walled fiber 
provides a broad surface for the bonding between the 
fibers so that the tensile strength increases. Fibers of 
WH mostly were holocellulose (83.94%) and it 
contained small amount of lignin (3.87%) during which 
lignin might be removed during pulping [9]. Lignin in 
cellulose of WH could be removed by sodium 
hydroxide hydrolysis [10-11]. Unlike fiber of WH, 
tensile strengths of paper made of WC and BG were 
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lower than that of WH. Those fibers have thick-wall 
and narrow in diameter, therefore they might not 
interact perfectly inter-fiber and resulted in lower 
tensile strength. The tensile strength as affected by 
different fibers type and concentration of pulp added is 
shown in Figure 1. The tensile strength of paper made 
of WH fibers was low; therefore WH fibers were added 
with other materials, such as resin, to form WH fibers 
composites to increase the tensile strength [12-14]. 
 
 
Figure 1. Effect of different fibers origins and 
concentration of fiber pulp slurry on the tensile strength 
of paper 
 
3.2. Frictional Resistance 
Paper frictional resistance is used to determine the 
strength of paper against frictions. Higher paper 
frictional resistance indicates high loss of weight on 
paper during friction. Statistical analysis showed that 
different types of weeds, concentration of pulp added 
and the interaction between different types of weeds 
and concentration of pulp added had significant effect 
on frictional resistance (p<0.05). The average of paper 
frictional resistance of paper made of those weeds is 
presented in Figure 2. 
 
 
 
Figure 2. Effect of different fibers origin and 
concentration of fiber pulp slurry on the frictional 
resistance of paper 
 
Paper made of fibers of WC resulted in higher value 
of frictional resistance. It could be due to rough surface 
of paper; therefore more materials lost during 
frictioning. On the other hand, the smooth surface on 
paper made of WH fiber resulted in a lower value of 
frictional resistance, as shown in Figure 2. 
 
3.3. Water Absorption 
Water absorption is a measure of liquid penetration 
into a paper. Analysis of variance showed that different 
types of weeds, concentration of pulp added and the 
interaction between different types of weeds and 
concentration of pulp added had significant effect on 
frictional resistance (p<0.05). Higher value of water 
absorption indicated a lower resistance of a paper 
against liquid penetration. Paper made of WH fiber 
resulted in higher water absorption than that of paper 
made of WC and BG, as shown in Figure 3. Fiber of 
BG is thick and rigid; therefore the paper is more 
porous due to the weak internal bonding between fibers. 
The lowest water absorption was found in paper made 
of WH which fibers have thin wall and flexible. 
 
 
 
Figure 3. Effect of different fiber origin and 
concentration of fiber pulp slurry on the water 
absorption of paper 
 
3.4. Mass Density 
Mass density is calculated as mass of paper divided 
by paper volume. The volume was obtained by surface 
area multiply by paper’s thickness.  The analysis of 
variance showed that different types of weeds and 
concentration of pulp added had significant effect on 
frictional resistance (p<0.05).  On the other hand, the 
interaction between different types of weeds and 
concentration of pulp added had no significant effect on 
frictional resistance (p>0.05). The averages of mass 
density of all treatments were shown in Figure 4. The 
highest mass density was found in paper made of WH 
followed by WC and BG. The higher mass density in 
paper could be due to more internal bonding between 
fibers. Higher mass density was found in paper made of 
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WH paper. Higher mass density indicates that the paper 
is condensed which might be due to the strong internal 
bonding between fibers. As mention earlier that the WH 
fibers are soft and therefore the paper is stronger and 
condensed. 
 
 
 
Figure 4. Effect of different fiber origin and 
concentration of fiber pulp slurry on the mass density of 
paper 
 
4. Conclusion 
 Water hyacinth (Eicchornia crassipes), water 
chestnuts (Eleocharis dulcis) and bladygrass (Imperata 
cylindrica) are potential fiber resources for paper. 
Among those fiber resources, water hyacinth produced 
the best paper performance with the properties of 13.65 
kgf mm-1 for tensile strength, water absorption 0.235 g 
cm-2, frictional resistance 0.028 g cm-2, and mass 
density of 0.87 g cm-3. 
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